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Chemical ana lyses  f o r  n e a r l y  60 elements a r e  repor ted  f o r  70 whole c o a l  
samples, 34 s e p a r a t e  f r a c t i o n s  of f i v e  laboratory-prepared (washed) c o a l s ,  and 40 
bench samples from f i v e  d i f f e r e n t  seams of I l l i n o i s  coal .  These d a t a  supplement 
t h e  previously repor ted  (1) ana lyses  f o r  33 elements made f o r  101 whole coa ls .  
A n a l y t i c a l  procedures  used i n  t h i s  s tudy  are l i s t e d  i n  Table  1. The a p p l i c a t i o n  
of ins t rumenta l  neut ron  a c t i v a t i o n  a n a l y s i s  has  been p r i m a r i l y  respons ib le  f o r  t h e  
i n c r e a s e  i n  t h e  number of e lements  reported.  Two o r  more methods were used t o  
a s s i g n  a b e s t  va lue  t o  many elements. 

TABLE 1. A n a l y t i c a l  Procedures Used i n  Coal Analyses 

Procedure Type of sample Element 

Ins t rumenta l  neut ron  Whole coa l  Na*, K*, Rb, C s ,  S r* ,  B a ,  G a ,  I n ,  
a c t i v a t i o n  a n a l y s i s  A s ,  Sb, Se, C 1 * ,  B r * ,  I ,  Sc,  V*, 
( INAA) Cr*,  Mn*, Co*, Fe*, N i * ,  Zn*, Mo*, 

Ag*, Hf, T a ,  W, La, Ce, Sm, Eu, Tb, 
DY, yb, Lu, T h ,  u 

Neutron a c t i v a t i o n  Whole c o a l  Hg 
anaiysls-radiochem- Low-temperature Tet  
i ca l  s e p a r a t i o n  ash  (150oC) 
(NU-RC) 

X-ray f luorescence  - Whole c o a l  Na*, K*, Mg, Ca,  A l ,  S i ,  S ,  P, C1*, 
wave-length d isper -  Br*, T i ,  N i * ,  Zn*, Fe* 
s i o n  (XRF) 

Atomic absorp t ion  Low-temperature N i * ,  Cu*, Zn*, Cd*, Pb*, T l t ,  L i t  
(AA) ash  (15OOC) 

O p t i c a l  emission- High-temperature Be ,  Sr*, B,  Ge*, V*, C r * ,  Co*, Cd*, 
d i r e c t  reader  (OED) ash  (5OO0C) N i * ,  Cu*, Zn*, Z r * ,  Mo* 

O p t i c a l  emission- High-temperature Ge*, Pb*, V*, Cr* ,  Co*, N i * ,  Cu*, 
photographic  (OEP) ash  (5OOOC) Mn*, Zn*, Zr* ,  Mo*, Ag*, Snt  

Ion-s e l e c t i v e  elec-  Whole c o a l  F 
t r o d e  (ISE) 

*Elements f o r  which two o r  more a n a l y t i c a l  procedures  have been appl ied.  
tElements f o r  which f u r t h e r  methods of a n a l y s i s  a r e  b e i n g  developed. 

This  paper  concent ra tes  on d a t a  f o r  70 c o a l  samples, of which 3 1  a r e  from t h e  
I l l i n o i s  Basin which i n c l u d e s  p a r t s  of Ind iana ,  I l l i n o i s ,  and western Kentucky. 
Fourteen samples a r e  from Eas te rn  s t a t e s ,  22  from Western s t a t e s ,  and 3 from Iowa. 
Cumulative d a t a  f o r  t h e  1 7 1  samples analyzed dur ing  t h i s  and t h e  p r i o r  s tudy  are 
r e p o r t e d  elsewhere (2).  
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Table 2 summarizes t h e  ana lyses  f o r  t h e  70 whole c o a l  samples. 

The number of samples t h a t  had "less-than'' v a l u e s  i s  noted  

For  c a l c u l a t i o n  
of t h e  mean va lues ,  t h e  "less-than' '  (below l i m i t  of d e t e c t a b i l i t y )  v a l u e s  w e r e  
considered real values .  
i n  t h e  table .  
f i n a l  repor t  (2) .  
which is more u s e f u l  than cons ider ing  a range of va lues .  Elements such  as Zn, B a ,  
As, and Cd showed wide ranges and skewed d i s t r i b u t i o n s ,  which may b e  expla ined  by 
t h e  occurrence of d i s c r e t e  minera l  phases i n  t h e  c o a l  minera l  matter. 
a s s o c i a t e d  with t h e  organic  m a t e r i a l  of t h e  coa l  may show moderate ranges o r  normal 
d i s t r i b u t i o n s .  
ranges and  normal d i s t r i b u t i o n s  are a l s o  observed. 

I n d i v i d u a l  d i s t r i b u t i o n  p l o t s  f o r  each element are inc luded  i n  t h e  
The d a t a  can b e  grouped i n t o  s i m i l a r  types of d i s t r i b u t i o n ,  

Elements 

For t h e  h i g h l y  d ispersed  elements ,  such as t h e  rare e a r t h s ,  moderate 

TABLE 2. Pre l iminary  A n a l y t i c a l  Data For 70 Coal Samples* 

Element Mean Min Max Element Mean Min Max 

A1 
Sb 
As 
Ba ( 1 ) t  
B e  (7) 
B 
B r  
Cd (54) 
Ca 
cs 
c1 
C r  
co 
cu 
F 
G a  
G e  (15) 
Hf 
I n  (16) 

Fe 
Pb (17) 
Mg 
Mn 
Hg (1) 
Mo (7) 

1 (21) 

N i  

1.21% 
1.1 

15 
2 40 

88 
1.3 

5.2 
0.44 
0.96% 
1.3 
0.09% 

3.9 
20 

14 
81 
3.7 
3.3 
0.8 
0.16 
1.2 
1.46% 
8.3 
0.09% 

0.15 
5.4 

52 

1 3  

0.31% 
0.01 
0.3 

20 
<o. 1 
5 
0.5 

C O . 1  
0.01% 
0.04 
0.01% 
2.4 
0.6 
3 

19 
0.8 
<0.1 

0.1 
<0.01 
<1 
0.3% 
<O. 7 
0.03% 
1.4 

C0.05 
<o. 1 

1.5 

3.1% 
7.7 

116 
1600 

<240 
27 

3.8 

9.3 
3.3% 
6.2 
0.8% 

52 
1 3  
92 

147 
11 
1 8  

2.2 
0.6 

3.7% 

0.39% 

0.6 

1 4  

79 

303 

23 
51 

P 
K 
R b  
S e  
S i  
Ag 
N a  
S r  
Ta 
T h  
Sn (57) 
T i  
w (1)  
u (4) 
V 
Zn (2) 
Z r  
C e  
DY 
Eu 
La 
Lu (10) 
Sm 
sc 
Tb 
Yb 

112 

19 
0.16% 

2.6 
2.13% 
0.03 

7 80 
126 

0.18 
2.6 
0.67 
0.06% 
0.8 
1.5 

25 
5 1  
35 
16 

1.2 
0.32 
8 
0.12 
1.4 
3.0 
0.3' 
0.58 

16 

<1 
0.01% 

0.4 
0.38% 
0.01 

100 
1 3  
1.1 
0.6 

<0.2 
0.02% 

C0.2 
<0.3 

4.8 
<O. 3 
12 
3 
0.3 
0.07 
1.8 

<o. 1 
0.3 
0.5 
0.06 
0.1 

1500 

6 3  
0.68% 

8.1 
6.30% 
0.08 

6000 
550 

1.5 
9 

11 
0.16% 
4.2 
6 .1  

90 
645 

88 
46 

3.5 
0.9 

0.4 
4.3 
9.3 
0.7 
1.5 

23 

* A l l  values  i n  ppm unless  o therwise  noted. 
t (  ) i n d i c a t e s  number of samples below t h e  l i m i t  of d e t e c t a b i l i t y .  

One method used t o  show t rends  i n  environmental  and geologica l  d a t a  is t h e  
c a l c u l a t i o n  of enrichment f a c t o r s ,  o r  Clarke  values .  The r a t i o  i s  c a l c u l a t e d  from 
t h e  concent ra t ion  of a given element compared t o  its average abundance i n  t h e  
e a r t h ' s  Crust. Elements having a Clarke v a l u e  gngater  than 10 a r e  cons idered  
h ighly  enriched;  those  wi th  v a l u e s  less than 0.1 are considered deple ted .  Table  3 
groups t h e  d a t a  i n t o  f o u r  g e n e r a l  ca tegor ies .  
condi t ion  t h a t  w a s  a l s o  observed by Ruch e t  al. (1). Boron, which was shown t o  be  
o r g a n i c a l l y  combined (l), is only s l i g h t l y  enr iched.  The deple t ion  of seven 
elements ,  l a r g e l y  those  a s s o c i a t e d  wi th  c r u s t a l  rocks ,  is probably due t o  d i l u t i o n  
by organic  matter. 

Only S e  shows high enrichment ,  a 

The s l i g h t  enrichment of 9 elements may be  due i n  p a r t  t o  
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organic  combination of these elements i n  t h e  c o a l  matrix t o  t h e i r  concent ra t ion  i n  
s u l f i d e  minerals ,  o r  t o  u n c e r t a i n t i e s  i n  t h e  c r u s t a l  averages used. 

TABLE 3. Average Enrichments* i n  7 0  Coals 

Elements <0.1 Deple ted  Na, Mg, Mn, K,  S i ,  P, T i  

Elements 0.1-2 No t r e n d  A l ,  Ca, Fe, V ,  Sn, Cu, Co, N i ,  B e ,  
C r ,  S r ,  Z r ,  Pb, Zn, G a ,  Hg, F, U, 
B a ,  C e ,  In ,  La, Lu, Ag, Rb,' C s ,  Sc, 
Sm, Tb, Dy, Yb, Th, W ,  Eu, Hf 

Elements 2.0-10 S l i g h t l y  enr iched  B,  A s ,  I, C 1 ,  Sb, Mo, Cd, G e ,  B r  

Elements >10.0 Highly enr iched  Se 

*Crus ta l  averages used are from Taylor  (3) .  

Two a d d i t i o n a l  methods a r e  b e i n g  used t o  e s t a b l i s h  t h e  presence of t r a c e  
elements  i n  coal .  S p e c i f i c  g r a v i t y  s e p a r a t i o n s ,  which had been made on 4 coals  i n  
t h e  previous s tudy  (1) w e r e  conducted on f i v e  coa ls  i n  t h i s  study. 
curves  show some elements  (e.g., G e ,  B, Be) are a s s o c i a t e d  with t h e  organic  phase, 
some (e.g., Zn, Cd, As) are p r e s e n t  i n  t h e  minera l  phase, whi le  o t h e r  elements 
demonstrated mixed a s s o c i a t i o n s .  
d i s s o l u t i o n  of minera l  matter is b e i n g  used on 25 whole coa ls  t o  determine t h e  
q u a n t i t y  of  each element  c l o s e l y  a s s o c i a t e d  wi th  t h e  organic  f r a c t i o n  of t h e  coal .  

Washabi l i ty  

An a c i d  e x t r a c t i o n  procedure f o r  p r e f e r e n t i a l  

The v e r t i c a l  d i s t r i b u t i o n  of t r a c e  elements w a s  s t u d i e d  i n  f i v e  c o a l  seams 
from t h e  I l l i n o i s  Basin. Representa t ive  curves are shown f o r  Tb, B r ,  Sb, and G e  
i n  f o u r  d i f f e r e n t  bench sets (Figs. 1-4) .  A few elements ,  no tab ly  G e ,  appear  t o  
L e  L U L L L ~ L I L L ~ L ~ C ~  i n  cne upper  ana iower c o a i  bencn samples. hlements such  as Tb 
and B r  o f t e n  show r e l a t i v e l y  f l a t  d i s t r i b u t i o n s .  Fur ther  work on t h i s  phase of 
t h e  p r o j e c t  is b e i n g  cont inued t o  make s i g n i f i c a n t  t rends  more obvious. 

Our program is  designed t o  c h a r a c t e r i z e  t h e  n a t u r e  and a s s o c i a t i o n  of elements 
w i t h i n  the  coa l  m a t r i x  and t o  approximate t h e  range of concent ra t ions  of elements 
occurr ing  i n  coal .  

This work i s  s u p p o r t e d  i n  p a r t  by U.S. Environmental P r o t e c t i o n  Agency 
Cont rac ts  68-02-1472 and 6E-02-2130. 
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BENCH SAMPLE DISTRIBUTIONS 
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